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S4 PROTECT FOR CTPPCIHg CSLL PSATH 



^> HACKCTOOyP OF THE IHVENTIOH 

(a) Field of the Invention 

5 The invention relates to a pharmaceutical 

agent (s) to induce cell death in any diseases which 
involve inappropriate cell survival. 

(b) Description of Prior Art 

Replication of human adenoviruses in terminally 

10 differentiated epithelial cells requires an efficient 
mechanism to induce cellular DNA synthesis to permit 

replication - of ~ viral DNA and - production— of progeny 

virus. Human adenoviruses infect and kill epithelial 
cells very efficiently. Cell death occurs by apoptosis 

15 and virus spread occurs through endocytosis by sur- 
rounding cells. Products of early region 1A (E1A) 
induce cell DNA synthesis and are largely responsible 
for cell transformation by adenoviruses. E1A produces 
two major mRNAs of 13S and 12S which encode proteins of 

20 289 and 243 residues (289R and 243R, respectively) that 
are identical except for a central 46-amino acid 
sequence, termed conserved region 3 or CR3. Two addi- 
tional regions present in the common sequence encoded 
by exon 1 of both E1A mRNAs are also conserved in all 

25 human serotypes and have been termed CR1 and CR2 (see 
Fig. 1A). E1A products induce DNA synthesis through 
complex formation between CR2 and CR1 and the retino- 
blastoma tumor suppressor pRE and related pi 0*7 and pl3C 
proteins, or between the amino terminus and C31 and the 

30 transcriptional modulator p300 and possibly related 
proteins (Corbeil, H.B. et al. # 1994, t7. Virol., 
68:6697-6709). E1A-289R also activates expru^sion of 
the early viral transcription units E2, E3 and E4, and 
certain cellular genes at least in part through inter- 

35 actions with transcription factors and basal transcrip- 
tion machinery requiring CR3 (Teodoro, J.G., et al. # 







1995, Oncogene, 11:467-474). In addition to CK3 , 
transactivation of the E4 promoter has also been shown 
to rely to some degree on two regions encoded by the 
second exon of 13S mRNA, termed auxiliary regions 1 and 
5 2, or AR1 and AR2 . Production of stably transformed 
cells requires early region IB (E1B) which encodes 
polypeptides of 19 and 55kDa that are individually 
capable of cooperating with E1A via separate but addi- 
tive pathways (McLorie, W. et al., 1991, J. Gen Virol., 

10 72:1467-1471). 

Considerable evidence indicates that a major 
function of E1B proteins in lytic infection and cell 
transformation is to suppress cytotoxic effects and 
apoptosis induced by expression of E1A. Without E1B, 

15 the toxicity of El A products results in the death of 
ElA-trans formed cells and a reduction in the yield of 
progeny due to the early demise of productively 
infected cells- El A proteins can cause apoptosis by a 
process mediated by the tumor suppressor p53 (Teodoro, 

20 J.G., et al., 1995, Oncogene, 11:467-474), which con- 
trols growth arrest and programmed cell death pathways 
(Teodoro, J.G., et al., 1995, Oncogene, 11:467-474). 
Expression of E1A products results in the elevation of 
p53 levels. The 55kDa E1B protein binds to p53 and 

25 blocks both p53-mediated activation of gene expression 
and apoptosis (Teodoro, J.J., et al., 1994, J. Virol., 
68:776-786). The 19kDa E1B protein appears to suppress 
apoptosis by a mechanism that is functionally analogous 
to that of the cellular proto-oncogene product Bcl-2 

30 (Nguyen, M. et al., 1994, J. Biol. Chem. , 269:16521- 
16524). Cells infected with adenovirus mutants which 
fail to express the 19kDa protein display enhanced 
cytotoxicity and extensive degradation of both cellular 
and viral DNA into nucleosome sized fragments (McLorie, 

35 W. et al., 1991, J. Gen Virol., 72:1467-1471; Teodoro, 
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J.G., et al., 1995, Oncogene, 11:467-474). At later 
times, even in the presence of E1B proteins, infected 
cells suffer apoptotic death and viral progeny spread 
to neighboring cells through endocytosis of cell frag- 
5 ments. In addition to the induction of DNA synthesis 
and cell transformation, the large 289-residue (289R) 
E1A protein also transactivates expression of all early 
viral genes, including early regions 1A, IB, 2, 3 and 4 
(reviewed in Teodoro, J.G., et al., 1995, Oncogene, 

10 11:467-474). 

_Recently both our group showed that in the 
absence of E1B, E1A products also induce p53 -independ- 
ent apoptosis (Teodoro, J.G., et al., 1995, Oncogene, 
11:467-474). Our results indicated that such apoptotic 

15 cell death was only induced by the 289R El A protein. 
Furthermore, when p53-null mouse cells constitutively 
expressing E1A products were infected by an adenovirus 
vector lacking the entire E1A and E1B coding regions 
but containing early regions E2, E3 and £4, rapid cell 

20 death due to apoptosis was observed (Teodoro, J.G., et 
al., 1995, Oncogene, 11:467-474). We have shown that 
289R induces apoptosis in p53-null mouse and human 
cells, and that such p53-independent cell death 
requires the expression of another early viral gene 

25 (Teodoro, J.G., et al., 1995, Oncogene, 11:467-474). 
Genetic analysis indicated that neither E2 nor E3 prod- 
ucts were necessary and that one or more E4 proteins 
are responsible (Marcellus, S. et al.,1996, J. Virol., 
in press). E4 encodes several mostly unrelated pro- 

30 teins whose functions are only partially understood. 
These results indicated that the role of E1A-289R may 
be to transactivate expression of an additional early 
transcript whose product actually induces p53 -independ- 
ent apoptosis. In the present studies we report that 
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one or more E4 gene products appear to be responsible 
for such cell killing. 

It would be highly desirable to be provided 
with a pharmaceutical agent for induction of apoptosis 
5 when such induction is useful in the treatment of human 
diseases which involve inappropriate cell survival. 

SPMMARY OF THK IHVmTIOH 

In accordance with the present invention, a 
10 genetic approach to identify the role of individual E4 
proteins in the induction of p5 3 -independent apoptosis 
was used. Our results indicated that the E4orf6 protein 
is responsible. Thus E4orf6 is a powerful inducer of 
p5 3 -independent cell death. 
15 One aim of the present invention is to develop 

E4orF6 as a pharmaceutical agent for induction of apop- 
tosis when such induction is useful in the treatment of 
human diseases which involve inappropriate cell sur- 
vival . 

20 In accordance with the present invention there 

is provided a pharmaceutical agent for induction of 
apoptosis for the treatment of human diseases which 
5 nvolve inappropriate cell survival, which comprises 
E4orf6, an analog or a biologically active fragment 

25 thereof. 

In accordance with the present invention there 
is also provided a pharmaceutical composition for the 
treatment of human diseases which involve inappropriate 
cell survival, which comprises a therapeutical amount 

30 of E4orf6, an analog or a biologically active fragment 
thereof in association with a pharmaceutical carrier. 

In accordance with the present invention, the 
expression "diseases which involve inappropriate cell 
survival** include, without limitation, diseases caused 

35 by HIV, herpes and/or other viral infections, 
Alzheimer's, cancer, arthritis, lupus among others. 










The pharmaceutical agent of the present inven- 
tion allows for the selective killing of cells that are 
prevented from dying by a virus or as a consequence of 
a disease state. Thus, the pharmaceutical agent of the 
present invention only kills the inappropriately sur- 
viving cells, such as cancer cells or viral infected 
cells- This results in a substantially side effect 
free therapy for the patient. 

The pharmaceutical agent of the present inven- 
tion includes, without limitation, any adenovirus of 
any serotype E4 death protein (E4-ADP) products, frag— - 
ment thereof and mimetic peptides of this protein prod- 
ucts - 

BRIKP DES CRIPTION OF THB DRAWINGS 

Fig. 1A shows the encoding amino acid sequences 
of the Ad5 E1A mutants; 

Fig. IB summarizes relevant adenovirus mutants; 

Fig. 2 shows the pattern of DNA fragmentation 
by Ad5 mutants in the absence of p53; 

Figs. 3A and 3B are graphs of the viability of 
infected normal and Bcl-2 expressing SAOS-2 cells; 

Fig. 4 is the gel analysis of the induction of 
DNA fragmentation by E1A mutants; 

Fig. 5 is a graph of the analysis of viability 
of SAOS-2 cells infected with E1A mutants; 

Fig. 6 is a gel analysis of the induction of 
DNA degradation in the absence of E3; 

Fig. 7 is a graph of the role of E4 products in 
p53-independent cell killing; 

Fig. 8 is a gel analysis of the analysis of DNA 
degradation in the absence of E4; and 

Figs. 9 A and B are graphs of the analysis of 
p53-independent cell killing in the absence of E4 prod- 
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Fig 10 shows the encoding amino acid sequences 
of the orf proteins; and 

Fig- M is a graph of the role of E4 products 
in p53-independent cell killing. 

DETAILED DRSCRIPTION OF THE INVENTION 

In the absence of E1B, the 289- and 243-residue 
(289R and 243R) E1A products of human adenovirus type 5 
(Ad5) induce p53 -dependent apoptosis. However, our 
group has shown recently that the 289R El A protein is 
also able to induce apoptosis by a p53 -independent 
mechanism (Teodoro et al., 1995, Oncogene, 11:467-474). 
Preliminary results suggested that p53-independent cell 
death required expression of one or more additional 
adenovirus early gene products. Here we show that both 
the ElB-19kDa protein and cellular Bcl-2 inhibit or 
significantly delay p53-independent apoptosis. Neither 
early regions E2 or E3 appeared to be necessary for 
such cell death- Analysis of a series of El A mutants 
indicated that mutations in the transactivation domain 
and other regions of E1A correlated with ElA-mediated 
transactivation of E4 gene expression- Furthermore, 
p53-def icient human SAOS-2 cells infected with a mutant 
which expresses E1B but none of the E4 gene products 
remained viable for considerably longer times than 
those infected with wt Ad5. In addition, an adenovirus 
vector lacking both El and E4 was unable to induce DNA 
degradation and cell killing in ElA-expressing cell 
lines . These data showed that an E4 product is essen- 
tial for ElA-induced p53-independent apoptosis. 

Cells and viruses 

Human Saos-2 cells ( ATCC HTB 85 ) and 10(1) 
mouse embryo f ibroblast-derived cells which are both 
deficient for p53 expression were cultured on 60mm- 
diameter dishes (Corning Glass Works, Corning, N.Y.) in 







Dulbecco's modified MEM (D-MEM) supplemented with 10% 
fetal calf serum (PCS) as were both HIH-3T3 and CHO 
cells. The cell line Saos-2/Bcl-2 ( 3g4 ) which stably 
expresses Bcl-2 was derived for this study from Saos-2 
cells by selection with G418 as was the control line 
Saos-2/Neo(2a2). A1.A3, M-A6 and A1.A12 mouse embryo 
fibroblast cell lines expressing Ad5 E1A proteins and 
Hy .A3 hygromycin-selected control lines, have been 
described previously (Lowe, S.W. et al., 1994, Proc. 
-HMtl.- -*ca*. Sci. -U.S. A... 91:.2.026r2030).. and _were cul- 
tured in D-MEM containing 10% PCS and 100 ng/mL of 
nygromycin. Normally cells were infected with mutant 
or wild-type (wt, Ad5 at a multiplicity of 100 pfu per 
cell Ad5 E1A mutants are illustrated in Fig. 1A and 
include deletion mutants dlllOl (residues 4-25 de- 
TetedK d!1143 (38-60), d!1107 (111-123). dlll08 <124- 
127 ), dlll43/08 '38-60 plus 124-127) and d!1132 (224 
238, which have all been described previously 
(Marcellus, S. et al.,1996, J. Virol., in 
Proteins encoded by some of the mutants used m the 
present studies have been presented, including the 
residues removed in deletion mutants. CR1. CR2 , CR3. 
AR1 and AR2 have also been indicated. A new E1A mutant 
was constructed as termed AR1 /E1B - , which lacks the 
entire ARl region (residues 189-200) and also fails to 
express E1B products. Mutant AR2VE1B was generated 
by introducing dl!132, which lacks residues 224-38, 
into a background that fails to express E1B proteins- 
Mutant AR1-/AR2-/E1B" represents a combination of the 
latter two mutants. Additional E1A mutants containing 
single amino acid substitutions at various sites within 
CR3 were produced by subcloning appropriate restriction 
enzyme fragments from mutant E1A cDNA plasmids into 
genomic viral DNA. followed by rescue into virus to 
form mutants AD147VL (Val-147 converted to Leu), 
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AD177CS, and AD185SG - All other mutants have been sum- 
marized in Fig- IB. A list providing the names and de- 
fects of E1B and other mutants has been presented. Two 
were produced previously by our group (McLorie, W. et 
5 al., 1991, J. Gen Virol., 72:1467-1471) and fail to 
express E1B proteins of 19kDa (originally termed 
pml716/2072 but now called E1B/19K) and 55kDa 
(originally pm2019/2250, now E1B/55K"). Mutant 
12S/E1B* (originally dl520E!B~) produces only the E1A- 

10 243R protein encoded by the 12S raRNA and no E1B prod- 
ucts. Mutant E1B~ which expresses both major E1A prod- 
ucts but neither the 19kDa or 55kDa E1B species was 
described previously (Teodoro, J.G., et al., 1995, 
Oncogene, 11:467-474), and a similar mutant that 

15 expresses only 289R in the absence of E1B, termed 
13S/E1B - , was prepared for the present studies. A 
series of E1A mutants (d!1101/ElB~, dll!07/ElB~, 
AD147VL/E1B - , etc.) which express no E1B products was 
also produced by introducing E1A mutations into mutant 

20 E1B~ which expresses both 289R and 243R E1A products 
but no E1B (Teodoro, J.G., et al-, 1995, Oncogene, 
11:467-474). The presence of mutations in all mutants 
was confirmed by DNA sequencing, restriction enzyme 
digestion, or Southern blotting. Ad5 vectors used in 

25 this study included AdLacZ in which the El (E1A + E1B) 
region was replaced with the E. coli gene lacZ under 
the CMV promoter, and Ad5dl70-8 which was generated by 
cotransfection of plasmids pAB7 and pBHGlO and which 
lacks both El and the entire E3 region. Adenovirus 

30 vector AdRSVpgal-11 which lacks the entire El and E4 
regions was a gift of Douglas Brough. In addition, 
some experiments were carried out with human adenovirus 
type 2 (Ad2) mutant dll019 which contains deletions 
that eliminate expression of all E4 products and which 

35 was propagated on W162 monkey cells, as described pre- 








10~ 



15 



20 



25 



30 



35 



viously (Bridge, E. et al . , 1989, J. Virol., 63:631- 
638)- Other E4 mutants (Bridge, E. et al., 1989, <7. 
Virol., 63:631-638) have been summarized in Fig* 10. 

DBA fragmentation 

Low molecular weight DNA was isolated from 
mock- or Ad5-infected cells as described in Teodoro et 
al. (1995, Oncogene, 11:467-474). For such 

experiments, 60mm-diameter plates of cells were 
harvested. at_ 40 h post-infection and lysed i n pr onase 
lysis buffer comprised of lOmM Tris-HCl (pH 8) 
containing 5mM EDTA, lOOmM NaCl, and 1 mg/mL (w/v) 
pronase to which SDS was added to 0.5% (w/v). Cell 
lysates were incubated at 37°C for 2 h and NaCl was 
added to a final concentration of 1M. Samples were 
then incubated overnight at 4°C and centrifuged at 
15,000 x g for 30 min. Extracted nucleic acids were 
treated with RNAase A and analyzed on 1% agarose gels 
stained with ethidium bromide - 

Cell viability assays 

Cells were infected wi*:h wt or mutant virus in 
24-well plates containing cells at about 80% conflu- 
ence. At various times following infection adherent 
and non-adherent cells were pooled and viability was 
assessed by Trypan Blue™ exclusion. At least 300 
cells were counted at each time point. 

Measurement of BlA-mediated trans activation of the 
adenovirus B4 promoter 

Transactivation assays were performed using NIH 
3T3 or CHO cells plated at a density of 2 x 10 5 cells 
on 60 mm-diameter dishes. The E4 reporter plasmid was 
E4-CAT containing the E4 promoter upstream of the chlo- 
ramphenicol acetyltransf erase (CAT) gene. Transient 
co-transfections were performed by the calcium phos- 
phate precipitation method using 2.5 ug of reporter 
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plasmid DNA and 2.5 ug of DNA from plasmids expressing 
wt or mutant E1A products as described in Marcellus et 
al., 1996. Cells were glycerol shocked after 12h and 
then harvested 36 h later. CAT assays were performed 
5 using cell extracts containing equal amounts of p-gal- 
actosidase activity. The amount of activity was 
quantified from TLC plates using a Fujix Bas 2000™ 
Phosphorimager . 

10 KlA-induced p 53 -independent apoptosis is inhibited by 
both the B13-19kDa protein and cellular Bel- 2 

Previous studies indicated that whereas both 

major Ad 5 El A products could induce apoptosis in cells 

expressing p53, only the 289R E1A protein could do so 

15 in cells lacking p53 (Teodoro, J.G., et al. f 1995, 
Oncogene, 11:4 67-474). Fig. 2 shows the pattern of DNA 
fragmentation in p53 mouse 10(1) cells infected by 
various Ad5 mutants. 10(1) cells which fail to express 
p53 were infected with various Ad5 mutants, or they 

20 were mock-infected, and at 40 h p.i., low molecular 
weight DNA was analyzed by agarose gel electrophoresis. 
The contents of individual lanes are as indicated in 
Fig- 2. Extracts from mock-infected cells (lane 1) and 
those infected with wt Ad5 (lane 2) which expresses 

25 E1B products displayed reduced levels of extracted low 
molecular weight DNA and little or no degraded DNA, as 
did those from cells infected with mutant E1B/55K - 
(lane 4) which produces the ElB-19kDa protein but not 
the ElB-55kDa product. With cells infected with mutant 

30 E1B~ which synthesizes both the 289R and 243R E1A pro- 
teins but which produces no E1B products (lane 6), 
large amounts of DNA were extracted and high levels of 
nucleosome-sized DNA fragments were evident. Similar 
results were also obtained with cells infected with 

35 E1B/19K" (lane 5) which produces the ElB-55kDa species 
but not the 19kDa protein. Induction of DNA degradation 
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with 12S/E1B (lane 3) which produces only E1A-243R and 
no BIB. but it did occur with 13S/B1B" dan" 7,1^ 
yields only E1A-289R ln the o£ ^JJ^ 

Thus as shown previously. E1A-289R hut not 243R i„ d uce 3 
^-independent apoptosis in the absence of E1B pro- 
teins. i„ addition the results indicated that the BIB 
I9K0. polypeptide hut not the SSKOa BIB product is J" 

Lse": I? p5 7 alnSt * «- 

To examine the specificity of inhibition of 
apopto.sis further, studies -were conducted to deterge 

P53-J pendent apoptosis as several previous studies 
had snown that Bcl-2 and the ElB-l 9 RDa protein may be 
functxonally similar (Nguyen. M. et al.. i 994 j 1*1 

; «..«S«1.I« M) . Human Saos- 2 ^liV'whlh L e 
defectxve for synthesis of p53 were transfected with 
cunas encoding the human Bcl-2 protein and the neomycin 
resistance marker and several cell lines were selected 
usxng G 418. One such Bcl-2 expressing clone, termed 
Saos-2/Bcl-2(3g4>, and a control SAOS-2 clone. SA0S- 
2/neo(2a2) selected only for resistance to G418. were 
infected with wt Ad5. mutants 12S/E1B* or E1B/19K". or 
-ere mocK-infected. and cell viability assays were 
conducted at various times after infection, m Fig. 3 
p53-defxcient human S aos-2/neo(2a2) cells (panel A) or 
Saos-2/Bcl-2(3g4) which express human LZ 
constxtutxvely (panel B) Wi re mocx-infected or infected 
-xth wt. B1B/19K or 12S/E1B- and were tested for 

ITJ* L , i l X bY . * TryPaa eXClusio " -3ay at various 

txmes followxng infection, as described above. Results 
have been presented as the logarithm of the % viable 
cells, and symbols are as indicated in Pig. 3 . Pig 3A 
shows that SA0S-2/neo(2a2) control cells were *illld by 











the E1B/19K~ virus that expresses E1A-289R, but those 
infected with wt or 12S/ E1B* remained almost as 
viable as mock- infected cells during the test period- 
Fig. 3B shows that with Saos-2/Bcl-2( 3g4 ) cells which 
stably express high levels of Bcl-2, little cell death 
was induced by the E1B/19K* virus. Similar results 
were obtained with three other control and Bcl-2 
producing SAOS-2 cell lines. Thus like the ElB-19kDa 
protein, Bcl-2 also blocks ElA-induced p53-independent 
apoptosis . 

Role of K1A domains in p53-±ndependent apoptosis. 

To investigate the regions of E1A products 
involved in causing p53-independent cell death, p53 
mouse 10(1) cells were infected with Ad5 mutants which 
fail to express E1B and which harbor a variety of 
defects at various regions of the E1A molecule. 
Extracts were harvested and analyzed on gels to deter- 
mine the extent of degradation of low molecular weight 
DNA. In Fig. 4, an experiment in p5 3 -deficient. 10(1) 
cells similar to that described in Fig. 2 was performed 
using a series of Ad5 E1A mutants defective in expres- 
sion of E1B products. The contents of individual lanes 
are as indicated in Fig. 4. Fig. 4 shows that again 
mutant E1B/19K*" (lane 3) induced DNA degradation 
whereas such did not occur with wt Ad5 (lane 2) or 
mock-infected cells (lane 1). Mutants which affected 
the El A transactivation function associated with CR3 
all failed to induce DNA degradation. These included 
12S/E1B* (lane 8), and point mutants AD147VL/E1B , 
AD171CS/E1B" and AD185SG/E1B~ (lanes 9 to 11, respec- 
tively) which carry single residue substitutions at 
critical residues in CR3 that eliminate El A transacti- 
vation activity. In addition, deletion of AR1 or both 
AR1 and AR2 (AR1~ /E1B~ and ARl" /AR2~ /E1B~ in lanes 
12 and 14) also eliminated DNA degradation whereas 
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removal of AR2 alone ( AR2 /E1B in lane 13) had little 
effect* Interestingly, mutants in CR2 which eliminate 
complex formation with pRB and related proteins 
(dlll07/ElB~ and dl!108/ElB~ in lanes 5 and 6) had no 
5 effect on the induction of DNA degradation, whereas 
those that eliminated binding of p300 by removal of the 
N-tenninus (dlllOl/ElB in lane 4 ) or a portion of CR1 
as well as the pRB binding site (dlll43/08/ElB~ in 
lane 7) no longer caused this effect. These results 

10 suggested that ElA-induced p53-independent apoptosis 
required the CR3 transact ivation domain, AR1 , and the 
- -regions necessary -for binding of p300 but- not pRB- 
related proteins. Fig. 5 shows that similar results 
were obtained with these mutants in cell killing 

15 assays. An experiment similar to that described in 
Fig. 3 was carried out in SAOS-2 cells infected with 
various E1A mutants defective in expression of E1B 
products . Results have been presented as the logarithm 
of the % viable cells, and symbols are as indicated in 

20 Fig. 5. Cell death was induced by the E1B/19K~ virus 
which expresses both E1A products and by dlll07/E!B~. 
Mutant AR2~/E1B~ which lacks AR2 also killed, but was 
consistently less toxic that the former viruses. All 
other mutants affecting CR3, AR1 and the p300 binding 

25 sites failed to kill significantly during the test pe- 
riod. 

Activation of B4 expression and apoptosis. 

The requirement for AR1 suggested that E4 prod- 
30 ucts might somehow be involved in the induction of p53- 
independent apoptosis as this region is not important 
in the activation of other early viral transcription 
units. Studies were therefore carried out to examine 
the pattern of E1A trans act ivation of the E4 promoter 
35 in which plasmid DNA encoding various mutants forms of 
E1A-289R was co-transf ected into NIH-3T3 or CHO cells 
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along with DNA from E4-CAT, a construct that encodes 
CAT under the control of the Ad5 E4 promoter. Table 1 
shows that in addition to CR3, activation of the E4 
promoter required AR1 and to some extent AR2 . 



'mi 



B4 Trans activation toy B1A Mutants 



E1A Mutant 



Mutation 



Region 
Affected 



E4 CAT 
Activity 
(% wt ±S.D. ) 



wt 


none 




none 


100 




dlllOl 


A4-25 


N-terminus 


30 


± 


11 


dlll04 


A48-60 


CR1 


40 


± 


5 


d!1107 


Alll- 


123 


CR2 


85 


± 


5 


dlll08 


A124- 


127 


CR2 


81 


± 


14 


dl520 


A140- 


185 


CR3 


10 


± 


7 


ARl" 


A189- 


200 


ARl 


25 


± 


7 


AR2"(pmll32) 


A224- 


238 


AR2 


64 


± 


16 



* CHO or 3T3 cells were transfected with plasmid DNA 
10 encoding various E1A mutants and CAT under the Ad5 E4 
promoter . 

Cell extracts were assayed for CAT activity as 
described above- The activity has been expressed as a 
% of that obtained with wt. Three independent assays 
15 were done for each mutant. 

In addition, regions at the N-terminus and in 
CR1 involved in binding of p300 also were of some im- 
portance. These results closely paralleled the pattern 
of ElA-induced p 53 -independent apoptosis and suggested 
20 that E4 products might be involved. 

B2 and B3 products are not required for apoptosis 

It was unlikely that E2 products were responsi- 
ble for the induction of p53 -independent apoptosis for 
25 two reasons. First, in addition to CR3 , complex forma- 
tion involving CR2 and the pRB family of proteins acti- 
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vates E2 expression, and CR2 was shown to be of little 
importance in cell killing. Second, reasonably high 
levels of expression of E2 proteins L are known to be 
induced by the E1A-243R protein which is completely 
5 unable to induce p53 -independent apoptosis. Thus 
experiments were carried out to determine if any E3 
products were involved- The A1.A3 mouse embryo fibro- 
blast cell line lacking p53 but expressing Ad5 E1A pro- 
teins, and Hy . A3 hygromyc in -selected p53~ control cells 

10 (Lowe, S.W. et al., 1994, Proc. Natl. Acad. Sci. 
U.S.A., 91:2026-2030), were infected with wt Ad5, the 
E1B/19K* virus, adenovirus vector AdlacZ which contains 
lacZ in place of E1A and E1B, or with vector Ad5dl70-8 
which lacks both the entire El and E3 regions. Cell 

15 extracts were assayed for the presence of degraded DNA 
as before. Fig. 6 shows that high levels of DNA degra- 
dation were induced in A1.A3 cells with the 19K 
mutants as well as both adenovirus vectors. Cell lines 
expressing 289R and 243R El A proteins constitutively, 

20 or the Hy . A3 non-expressing control cell line, were 
mock-infected or infected with wt Ad5 or adenovirus 
vectors AdLacZ or Ad5dl70-8. After 40 h, DNA was 
extracted and analyzed by agarose gel electrophoresis. 
The contents of individual lanes are as indicated in 

25 Fig. 6. Similar results were also obtained with two 
other similar ElA-expressing cell lines, A1.A6 and 
A1.A12. Fig. 6 also shows that in the control cells 
lacking constitutive E1A expression, only the E1B/19K 
virus induced DNA degradation. These results indicated 

30 that E3 products were not required for induction of 
p53 -independent apoptosis by E1A under these 
conditions. 

K4 proteins are essential for p53-independent apoptosis 

35 To determine directly if E4 products are 

involved in the induction of cell death, as suggested 
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by experiments described above, two approaches were 
taken. In the first, human p53~ SAOS-2 cells were 
infected with wt Ad5 or Ad2, or with Ad2 mutant d!1019 
which produces no E4 proteins (Bridge, E. et al. # 1989, 
5 J. Viroi., 63:631-638), or they were mock-infected. 
Although such viruses express E1B proteins and thus are 
protected from ElA-induced apoptosis, it was thought 
that if E4 products were essential for p5 3 -independent 
cell death, some difference in long term cell survival 

10 might be observed, and thus at various times up to 10 
days, infected cultures were tested for cell viability. 
Fig. 7 shows that cells infected either by wt Ad5 or 
Ad2 virus began to die at about lOOh p.i., and by 240h 
p.i. almost all of tae cells were dead. SAOS-2 cells 

15 were mock-infected or infected with wt Ad5 or Ad2, or 
dll019 which expresses no E4 products- At various 
times up to 10 days cell viability was assessed by 
Trypan Blue™ exclusion. Data have been expressed as % 
cell viability and symbols are as indicated in the 

20 Fig- 7. Such was not the case with dll019-inf ected 
cells which remained almost as viable as mock-infected 
cells even 10 days after infection. These results 
indicated that an E4 product was involved in cell kill- 
ing in the absence of p53. This idea was confirmed in 

25 experiments involving infection of ElA-expressing p53 
A1.A3 cells with the adenovirus vector AdRSVpgal.il in 
which both the El and E4 regions had been completely 
deleted. Fig- 8 shows that in control Hy . A3 p53~ cells 
which do not express E1A, only the E1B/19K" Ad5 mutant 

30 caused DNA degradation, and neither wt , 12S/E1B~, nor 
the AdRSVpgal.il vector had any significant effect. 
Cell lines expressing 289R and 243R E1A proteins con- 
stitutively, or the Hy . A3 non-expresser control cell 
line, were mock-infected or infected with wt Ad5, 

35 E1B/19K~, 12S/E1B*, or the adenovirus vector 
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AdRSVPgal.il which lacks both El and E4. After 40 h, 
DNA was extracted and analyzed by agarose gel electro- 
phoresis. The contents of individual lanes are as indi- 
cated in the Fig. 8. With A1.A3 cells, both the 
5 E1B/19K* and 12S/E1B* induced DNA degradation, but the 
AdRSVpgal.il vector still had little effect. Similar 
results were obtained with the other two sister cell 
lines, A1.A6 and A1.A12 discussed above. The ability 
of this virus to induce apoptosis in A1.A3 cells was 

10 analyzed further in cell killing experiments. Cell 
lines expressing 289R and 243R E1A proteins constitu-- 
tively (panel A), or the Hy .A3 non-expresser control 
cell line (panel B), were mock-infected or infected 
with wt Ad5, E1B/19K", 12S/E1B - , or the adenovirus vec- 

15 tor AdRSVpgal.il. At various times after cell viabil- 
ity was assessed by Trypan Blue™ exclusion. Data have 
been expressed as % cell viability and symbols are as 
indicated in the Fig. 9- Fig. 9A shows that in the 
Hy . A3 control cells, only the E1B/19K~ virus induced 

20 cell death, whereas in A1.A3 cells both the E1B/19K* 
and 12S/E1B - viruses did so. However in both cases the 
AdRSVpgal . 11-inf ected cells remained as fully viable as 
mock-infected cultures. These data thus confirmed that 
an E4 product is responsible for ElA-induced p53-inde- 

25 pendent cell death - 

RSSUX.TS AND DISCUSSION 

To identify which E4 product is responsible for 
induction of ElA-dependent p53-independent apoptosis, 

30 p53-null mouse 10(1) cells were infected with wt Ad5 or 
with mutants carrying deletions in various portions of 
the E4 region (see Fig. 10). Fig. 11 shows that as 
shown above, cells in cultures infected by the wt 
virus began to die by about 125 hours following infec- 

35 tion, and death was almost complete by 240 hours. 
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Little cell death was observed in mock-infected cul- 
tures or in those infected by mutant dll019 which lacks 
the entire E4 region. Cell death similar to that found 
with wt was observed with E4 mutants dll013 which 
expresses E4orf6 and E4orf4, whereas little death 
occurred with mutant dilOlO which expresses all E4 
products except E4orf6. These results indicated that 
cell death occurred only when the E4orf6 protein was 
expressed and did not take place during the course of 
the experiment in its absence. Thus it is clear that 
expression of the E4orf6 protein is essential for the 
P S3-independent apoptosis induced by the 289R ElA prod- 
uct. 

It has been known for some time that adenovirus 
ElA products induce DNA degradation, rapid cell death 
and other hallmarks of apoptosis when expressed in the 
absence of E1B products whose major role in lytic 
infection and transformation is to suppress ElA toxic- 
ity. Both the 289R and 243R ElA proteins are able to 
induce apoptosis through P 53-dependent pathways. 

ElA proteins also induce apoptosis in cells 
lacking P 53 (Teodoro, J.G., et al.. 1995. Oncogene. 
11:467-474)- We found that this p5 3 -independent apopto- 
sis was elicited only by the 289R ElA protein, and pre- 
liminary evidence suggested that expression of one or 
more additional early viral genes regulated by E1A-289R 
was required. The present experiments indicated that 
the ElB-55kDa protein is unable to block this effect, 
but both the ElB-19kDa product and the cellular sup- 
pressor of apoptosis Bcl-2 significantly inhibited this 
response . 

The major goal of this work was to identify which 
early viral transcription units were required to induce 
cell death in the absence of p53. Results obtained 
with ElA mutants clearly indicated the CR3 is impor- 
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tant. Furthermore, CR3-mediated transactivation activ- 
ity appeared to be required, as several point mutants 
in CR3 which were known to eliminate transactivation of 
target genes were defective for induction of DNA degra- 
5 dation and cell killing. Of great interest were 
results obtained with mutants with defects outside CR3. 
Mutant dl!108 which lacks the core binding site for pRB 
and related proteins induced p53 -independent apoptosis 
like wt. However, mutant dlllOl which binds pRB at rea- 

10 sonably normal levels but fails to bind the p300 tran- 
scriptional modulator was totally defective. These 
results may suggest that interactions between p300 and 
289R are essential to institute cell death pathways. 
Another possibility was offered by results obtained 

15 with two additional mutants with defects in the AR1 and 
AR2 regions encoded by the second exon of the 13S E1A 
mRNA. The ARl-def ective mutant was unable to induce 
p53-independent apoptosis, and that lacking AR2 was 
somewhat impaired. These results corresponded exactly 

20 to the relative abilities of these mutant E1A molecules 
to transactivate the E4 promoter. We also found that 
dlllOl was partially defective for transactivation of 
E4, thus suggesting both that E4 products might be 
involved in induction of cell death and that interac- 

25 tions of 289R with p300 may reflect more a requirement 
for transactivation of E4 transcription than a direct 
role in apoptosis. This question will only be answered 
by further experiments using a new series of mutants. 

Early regions E2, E3 and E4 encode a variety of 

30 products which could play some role in cell death. E2 
proteins are largely involved in viral DNA synthesis. 
However, it is unlikely that any play an essential role 
in cell death. First, E2 transcription requires not 
only CR3, but also the formation of complexes with pRB 

35 which result in the activation of the E2F family of 
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transcription factors and E2 gene expression* Our 
results clearly indicated that complex formation with 
pRB was not essential for apoptosis. Second, the ade- 
novirus vector AdRSVpgal.il contains a wt E2 region 
5 and yet was defective for induction of p53-dependent 
apoptosis in ElA-expressing cells. The E3 region 
encodes several proteins which affect virus-host inter- 
actions, however, the adenovirus vector Ad5dl70-8 was 
fully capable of inducing apoptosis in E1A expressing 

10 p53-def icient cells. As discussed above, the pattern of 
apoptosis observed with El A mutants suggested that the 
early viral proteins associated with cell death are 
encoded by E4 . Direct evidence that an E4 protein is 
responsible was obtained from experiments in which the 

15 pattern of death was observed in p53-null SAOS-2 cells 
infected by wt Ad5 or a mutant defective in E4 expres- 
sion- Because E1B products were expressed by these 
viruses, cell death occurred only at late times, but 
the observation that E4 mutant-infected cells displayed 

20 considerably retarded death clearly implicated an E4 
product in the death process. Final confirmation came 
from results with the AdRSvpgal.il adenovirus vector 
which was defective for cell killing. This virus was 
unable to induce DNA degradation or cell killing in 

25 p53-def icient cells expressing E1A. 

It is likely that the E4orf6, or the adenovirus 
E4 Death Protein (E4-ADP), is responsible for the ulti- 
mate death of human cells following productive infec- 
tion by adenoviruses. Cell death could be induced 

30 early after infection following expression of E1A pro- 
teins, however, p5 3 -dependent apoptosis, which is 
induced directly by El A, is blocked by expression of 
both the 55kDa and 19kDa E1B proteins. Following 
expression of the E4-ADP, infected cells would die by 

35 p53-independent apoptosis were it not for the ElB-19kDa 
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product which blocks cell death until late in infection 
(Marcellus, S- et al.,1996, *7. Virol./ in press). Cell 
death may eventually occur because the levels of the 
E4-ADP become too elevated for suppression by E1B-19K. 

In addition to its role in virus infection, the 
E4-ADP could be of use in killing cells that accumulate 
in several disease states, including some auto- immune 
disorders and cancer. Such cells fail to die by a pop- 
tosis and, at least in many cancers, one reason is 
because many cancer cells Jack or express _a _mutant_ form 
of p53. These cells would, however, be susceptible to 
killing by the E4-ADP. Further studies will be neces- 
sary to define the specificity of cell killing and the 
mechanism of induction of apoptosis by the E4-ADP. 

While the invention has been described in con- 
nection with specific embodiments thereof, it will be 
understood that it is capable of further modifications 
and this application is intended to cover any varia- 
tions, uses, or adaptations of the invention following, 
in general, the principles of the invention and 
including such departures from the present disclosure 
as come within known or customary practice within the 
art to which the invention pertains and as may be 
applied to the essential features hereinbefore set 
forth, and as follows in the scope of the appended 
claims. 
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E CIAIM : 

1. A pharmaceutical agent for induction of apopto- 
sis for the treatment of human diseases which involve 
inappropriate cell survival, which comprises E4orf6, an 
analog or a biologically active fragment thereof. 

2. A pharmaceutical composition for the treatment 
of human diseases which involve inappropriate cell sur- 
vival, which comprises a therapeutical amount of 
E4orf6, an analog or a biologically active fragment 
thereof in association with a pharmaceutical carrier. 
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ABSTRACT OF THB IHVPJTIQH 

The present invention relates to a pharmaceuti- 
cal agent for induction of apoptosis for the treatment 
of human diseases which involve inappropriate cell sur- 
vival, which comprises E4orf6, an analog or a biologi- 
cally active fragment thereof. There is also provided 
a pharmaceutical composition for the treatment of human 
diseases which involve inappropriate cell survival, 
which comprises a therapeutical amount of E4orf6, an 
analog or a biologically active fragment thereof in 
association with a pharmaceutical carrier. 
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Virus Mutant 


Description 


wi auj 


wt E I A ( 1 2S & 1 3S mRNAs), wt E 1 B. In some cases dl 309 which has 
a partial deletion of E3 was used 


12S/EIB- 


1 2S E 1 A mRNA only, no E 1 B expression 


13S/E1B- 


1 3S E 1 A mRNA only, no E 1 B expression 


E1B/55K- 


wt E 1 A ( 1 2S & 1 3S mRNAs), no E 1 B 55K expression, wt E I B 1 9K 


E1B / 19K- 


wtElA(I2S &13S mRNAs), noElB 19K expression, wt E!B 55K 


<//110l/ElB- 


12S/13S E1A mRNAs, E1A mutation as in fig. I A, no E1B expression 


dl 1104/E1B- 


12S/13S El A mRNAs, EI A mutation as in Fig. 1 A, no EIB expression 


dl 1107/E1B- 


12S/13S El A mRNAs, El A mutation as in Fig. 1A, no EIB expression 


dl 1108/E1B- 


12S/13S El A mRNAs, El A mutation as in Fig. 1 A, no EIB expression 


dl 1 143/08 / E1B- 


12S/13S E1A mRNAs, El A mutation as in Fig. IA, no EIB expression 


ARI-/EIB- 


12S/13S El A mRNAs, El A mutation as in Fig. 1 A, no EIB expression 


AR2-/E1B- 


12S/13S El A mRNAs, El A mutation as in Fig. 1 A, no EIB expression 


AR1-/AR2-/E1B- 


12S/I3S El A mRNAs, El A mutation as in Fig. IA, no EIB expression 


AD147VL/EIB- 


13S E1A only, E1A point mutation in CIO, no EIB expression 


AD171CS/E1B- 


I3S El A only, El A point mutation in CR3, no EIB expression 


AD185SG/E1B- 


13S El A only, El A point mutation in CR3, no EIB expression 


dl 1019 


wt El A, EIB, E2 and E3, no E4 expression, in Ad2 


AdLacZ 


no El A or EIB expression, wt E2, E3 and E4 


Ad5t//70-8 


no El A, EIB or E3 expression, wt E2 and E4 


AdRSVp-gal.ll 


no El A, EIB or E4 expression, wt E2 and E3 
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